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Abstract We have successfully synthesized Fe 3 0 4 and 
Ti0 2 nanoparticles in the presence of pomegranate juice. 
We then prepared multi-functional cotton fabrics coated 
with Fe 3 0 4 /Ti0 2 (10:10 %) nanocomposite, using pad-dry- 
cure method. Various techniques were employed to char¬ 
acterize the properties of fabrics before and after coating 
like X-ray diffraction pattern (XRD), scanning electron 
microscopy (SEM), Fourier transform infrared (FT-IR) 
spectroscopy. Alternating gradient force magnetometer 
(AGFM) illustrated super-paramagnetic behavior of Fe 3 0 4 
nanoparticles. The photo-catalytic behavior of Fe 3 0 4 /Ti0 2 
nanocomposites was evaluated using the degradation of 
three azo-dyes under ultraviolet light irradiation. Fe 3 0 4 - 
Ti0 2 nanostructures were added to cotton and the results 
show that nanocomposites have applicable magnetic and 
photocatalytic performance. 

1 Introduction 

Fe 3 0 4 nanoparticles (NPs) have been extensively investi¬ 
gated in recent years, owing to their super paramagnet, 
catalytic and optical properties. In this condition the par¬ 
ticles exhibit zero coercivity, i.e. zero resistance to mag¬ 
netic overset, which makes them highly applicable. 
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Correspondingly, Fe 3 0 4 nanoparticles are extremely 
impressive in various applications. The completely rever¬ 
sible magnetization reaction to an applied magnetic field 
allows super paramagnetic particles to be restrained for 
application in a diversity of fields, including magnetic 
recording, microwave absorption, biological sensing or 
separation, medical diagnostics, drug carrier, MRI contrast 
agent, hyperthermia and catalytic degradation. It has been 
discovered that the properties of nano sized subordinate 
particles are quite different from those of bulk materials in 
the identical mixture. Shape, size and size repartition of the 
magnetic nanoparticles are the key agents that specify their 
physical and chemical properties. For example, Fe 3 0 4 
nanoparticles show some specific properties which not 
exist in the bulk Fe 3 0 4 , e.g. small-size trace, super-para¬ 
magnetism and quantum-tunnel effect. Accordingly, 
preparation of nanoparticles is influenced by synthesis 
parameters which affect on the products, such as particle 
size, morphology and crystal defects. Many methods have 
been expanded recently for synthesis of Fe 3 0 4 nanoparti¬ 
cles, containing co-precipitation, the hydrothermal process, 
sol-gel and solvothermal methods. Among them, co-pre¬ 
cipitation is considered as the simplest, most efficient and 
most economic method. However, the conventional co¬ 
precipitation method has certain limitations, including 
difficulty of mass production, a broad particle size distri¬ 
bution, and insufficient dispersion [1-8]. 

Titanium dioxide (Ti0 2 ) is recognized as one of the 
principal photo-catalysts in refinement of contaminated 
water and solar energy harvesting, due to its long-term 
stability, strong oxidizing power, low cost, and relative 
nontoxicity. However, due to its large band gap 
(Eg = 3.2 eV for anatase), Ti0 2 can only be activated by 
UV irradiation at wavelength less than 380 nm, which 
accounts for a small fraction (~5 %) of the total solar 
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spectrum. In addition, the photo-induced electron-hole 
pairs have a short recombination time in the order of 
10 — 9 s, whereas the reaction time for Ti0 2 with pollu¬ 
tants is in the range of 10 — 3 s. Thus, the rapid recom¬ 
bination of electrons and holes is one of the major reasons 
for the low photocatalytic activity. Also, it is not indus¬ 
trially practical to recycle the powdered photocatalysts 
(e.g. nanoparticles and nanosheets) from aqueous solution 
after photocatalytic reactions. Nano crystalline Ti0 2 
immobilized on supporting materials such as glass, sand, 
zeolite, silica, cotton fiber and ceramic can improve the 
separation efficiency. However, the nanocrystals deposition 
is generally non-uniform and easily detach from the sup¬ 
port, which frequently leads to a substantial decrease in 
photocatalytic activity and selectivity. In addition, the light 
harvesting is inefficient due to high content of inactive 
supports. Therefore, the synthesis of a multi-functional 
photocatalyst that is both highly photoactive and effec¬ 
tively recyclable is a great challenge. Therefore, immobi¬ 
lization of nanostructured Ti0 2 on suitable supports 
endowed with reduced band gap and improved pollutant 
adsorption capacity is desirable for the large-scale practical 
applications. Titanium dioxide (Ti0 2 ), which possesses 
high chemical stability, non-toxicity and strong photo¬ 
catalytic activity, has attracted much attention in recent 
years, owing to their potential applications in energy and 
environmental areas. Several methods have been used for 
growing Ti0 2 structures with controllable demands. Sol- 
gel synthesis provides high purity, homogeneity, low 
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Fig. 1 Schematic of preparation Fe 3 0 4 nanoparticles 
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Fig. 2 Schematic of preparation Ti0 2 nanoparticles 


temperature processing. These advantages make sol-gel, 
one of the best candidates for Ti0 2 synthesis. The solvent, 
water content, precursor type, and initial solution pH and 
viscosity as well as aging conditions and drying and cal¬ 
cination temperatures affect the sol-gel synthesized pow¬ 
ders [9-12]. 

Recently, great efforts were made to use green and 
environmentally friendly methods for the synthesis of 
nano-sized materials. These efforts involve the use of plant 
or fruit extracts as stabilizer and capping agent to control 
crystal growth. These green methods are low cost, fast, 
efficient, and generally lead to the formation of crystalline 
nanostructures with a variety of shapes. In this work, we 
present a green method for the synthesis of Fe 3 0 4 and Ti0 2 
nanoparticles using pomegranate juice [13]. 

Cotton as the most important natural cellulosic fiber has 
always been the subject of numerous investigations on the 
Earth. Having at least 90 % cellulose in its structure, cotton 
has been introduced as the most prominent biomass and 
purest source of cellulose in nature. Owing to its strong 
absorption capability, high specific surface, comfort, soft¬ 
ness, porous structure, bio-degradable and less cost, use of 
cotton has been extended from wear to technical textiles. 
Despite the excellent properties of cotton fabrics, some 
characters like the inherently hydrophilic property, impo¬ 
tent antimicrobial activity, low strength and poor sensi¬ 
tivity to the UV light, confine their wide applications, 
especially in some high-end areas for medicine, personal 
healthcare, functional textile and self-cleaning. Therefore, 
value addition to cotton by functionalization has generated 
considerable academic and industrial attention, not only 
due to their potential use in physical, thermal, biological 
and medical protection, but also to meet the constantly 
evolving demand from consumers for advanced materials. 
Promoting such intrinsic features of natural fibers with 
nanotechnology has attracted great attention by scientists 
and manufacturers leading to a new generation of apparels 
and garments in recent years [14-16]. 

Fe 3 0 4 and Ti0 2 nanoparticles were synthesized in the 
presence of pomegranate juice. Multi-functional cotton 
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Fig. 3 Schematic of preparation Fe^Cfi/TiCVcotton (10:10:100 %) nanocomposite 
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fabrics were coated with Fe 3 0 4 /Ti0 2 nanocomposite, using 
pad-dry-cure method. 

2 Experimental 

2.1 Materials and methods 

FeCl 2 4H 2 0, FeCl 3 6H 2 0, NH 3 , NaOH, titanium (IV) 
isopropoxide (TTIP) (97 % purity) and glacial acetic acid 
(99.95 % purity) were purchased from Merck Company 
and amount of pomegranate juice. All of the chemicals 
were used as received without further purifications. XRD 
patterns were recorded by a Philips, X-ray diffractometer 
using Ni-filtered Cu Ka radiation. A multiwave ultrasonic 
generator (Bandeline MS 72), equipped with a con¬ 
verter/transducer and titanium oscillator, operating at 


20 kHz with a maximum power output of 76 W was used 
for the ultrasonic irradiation. SEM images were obtained 
using a LEO instrument model 1455VP. Prior to taking 
images, the samples were coated by a very thin layer of Pt 
to make the sample surface conductor and prevent charge 
accumulation, and obtaining a better contrast. Room tem¬ 
perature magnetic properties were investigated using an 
alternating gradient force magnetometer (AGFM) device, 
made by Meghnatis Daghigh Kavir (Kashan, Iran) 
Company in an applied magnetic field sweeping 
between _ + 10,000 Oe. Thermo-gravimetric analysis (TGA) 
was carried out using an instrument (Shimadzu TGA-50H) 
with a heating rate of 10 °C/min under nitrogen atmosphere. 

2.2 Synthesis of Fe 3 0 4 nanoparticles 

First 1.46 g of FeCl 3 6H 2 0 was dissolved in 100 mL of 
distilled water and a certain amount (5, 10 and 15 mL) of 
pomegranate juice was added drop wise into the solution. 
Then 0.54 g of FeCl 2 4H 2 0 was added to the solution. 
Rapidly 20 mL of ammonia solution (2 M) was slowly 
added to the solution. A black precipitate was obtained 
confirming the synthesis of Fe 3 0 4 . The precipitate of mag¬ 
netite was then centrifuged and rinsed with distilled water, 
followed by being left in oven (60 °C) to dry. Figure 1 shows 
the schematic diagram for co-precipitation method. 

2.3 Synthesize of Ti0 2 nanoparticles 

0.25 g titanium tetra isopropoxide (TTIP) was added to the 
solution and was mixed for 10 min. After that 1 mL of 
distilled water and 1 mL of pomegranate juice was added 
and the solution was stirred for 10 min. HN0 3 was slowly 
added to reaching pH of solution to 2. After 90 min stirring 
the gel was obtained. Then it was dried in oven for 45 min 
and was calcinated at 500 °C for 2 h (Fig. 2). 
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Fig. 5 SEM images of Fe 3 0 4 nanoparticles obtained with pomegranate juice, a 5 mL, b 10 mL, c 15 mL 


2.4 Coating on cotton fabric by pad-dry-cure 
method 

In order to activate cotton fabric, a piece (5 g) of cotton 
fabric was immersed in 80 mL of KOH (6 M) aqueous 
solution and left there for 15 min at room temperature. The 
fabric was then removed from the solution and rinsed with 
distilled water several times; it was kept in wet state until 
next treatment. Then, Fe 3 0 4 (0.5 g) and Ti0 2 (0.5 g) 
nanoparticles (1:1, 10:10 %) were coated on cotton fabric 
(5 g, 100 %) by pad-dry cure method. The fabric was fed 
into the padding mangle containing 300 mL aqueous 
solution of 10 M Fe 3 0 4 and Ti0 2 nanoparticles. Padding 
process was carried out for 15 min at ambient conditions. 
The coated fabric was taken out, washed with pure water 
and air dried (Fig. 3). 

2.5 Photo-catalytic degradation process 

100 mL of the dye solution (20 ppm) was used as a model 
pollutant to determine the photo-catalytic activity. 0.1 g 


catalyst was applied for degradation of 50 mL solution. The 
solution was mixed by a magnet stirrer for 1 h in darkness to 
determine the adsorption of the dye by catalyst and better 
availability of the surface. The solution was irradiated by a 
100 W UV lamp which was placed in a quartz pipe in the 
middle of reactor. It was turned on after 1 h stirring the 
solution and sampling (about 10 mL) was done every 
10 min. The samples were filtered, centrifuged and their 
concentration was determined by UV-Visible spectrometry. 

3 Results and discussion 

The XRD patterns of Fe 3 0 4 and Ti0 2 nanoparticles are 
shown in Fig. 4a-b, respectively. The pattern of as-pre¬ 
pared Fe 3 0 4 nanoparticles is indexed as a pure cubic phase 
with JCPDS of 03-0863 and space group. 

It confirms presence of Anatase phase of Ti0 2 (JCPDS 
No 04-0477, space group, 141/amd) in the pattern. The 
crystallite size measurements were also carried out using 
the sherrer equation 
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Fig. 6 SEM images of Fe 3 0 4 nanoparticles obtained by NaOH a 4 
molar, b 12 molar 




Dc = fU/pCosO 

where p is the width of the observed diffraction peak at its 
half maximum intensity (FWHM). K is the so-called shape 
factor, which is about 0.9, and 2 is the X-ray wavelength 
(CuKa radiation, equals to 0.154 nm). The estimated 
crystallite size of Fe 3 0 4 and Ti0 2 are around 5 and 7 nm, 
respectively. 

The influence of different amount of pomegranate juice 
on the morphology of the Fe 3 0 4 NPs is shown in Fig. 5a-c. 
In three different conditions the nanoparticles with an 


Fig. 7 SEM images of Fe 3 0 4 nanoparticles synthesized by NH 3 a 4 
molar, b 12 molar 

average of diameter less than 100 nm were synthesized. As 
the figures show, using 15 mL of pomegranate juice leads 
to synthesize of Fe 3 0 4 nanoparticles with bigger size. 

The effect of precipitation agent on the morphology of 
the Fe 3 0 4 nanoparticles is investigated and the results are 
shown in Figs. 6 to 7. The effect of different sodium 
hydroxide concentration (4 and 12 molar) on the Fe 3 0 4 
NPs is shown in Fig. 6a-b, respectively. The results 
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Fig. 8 SEM images of Ti0 2 nanoparticles 

indicate that in lower sodium hydroxide concentration the 
nucleation stage is predominant over the growth stage and 
the smaller nanoparticles were produced. The effect of 
different ammonia concentration (4 and 12 molar) on the 
morphology of Fe 3 0 4 is investigated in Fig. 7a-b, respec¬ 
tively. The results are similar to product which obtained 
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Fig. 9 SEM images of Fe 3 0 4 /Ti02/Cotton (1:1:10) 

with sodium hydroxide and diluter ammonia gives smaller 
and more mono-dispersed particles. 

Figure 8 shows different morphologies SEM images of 
Ti0 2 nanoparticles and confirm preparation of nanoparti¬ 
cles with average diameter less than 70 nm. 

Figure 9 shows the morphology and composition of 
Fe 3 0 4 /Ti0 2 NPs coated cotton fabrics at various magnifi¬ 
cations. Pristine cotton exhibited twist and convex/concave 
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Fig. 11 Hysteresis loop of Fe 3 0 4 nanoparticles 



-10000 -8000 -6000 -4000 -2000 0 2000 4000 6000 8000 10000 

Applied Field(Oe) 


Fig. 12 Hysteresis loop of Fe 3 0 4 /Ti0 2 -Cotton (1:1:10) obtained by 
10 % Fe 3 0 4 nanoparticles 


structures with loosely detached individual fibers. Clear 
existence of Fe 3 0 4 /Ti0 2 is observed on extract containing 
Fe 3 0 4 /Ti0 2 NPs coated cotton fabric when compared with 
uncoated cotton. 

Figure 10 shows the FT-IR spectrum of the Fe 3 0 4 -Ti0 2 
nanoparticles synthesized with pomegranate juice respec¬ 
tively. Fe 3 0 4 exhibits absorption peak around 3419 cm -1 
corresponding to the stretching mode of OH group adsor¬ 
bed on the surface of the nanoparticles. The peaks at 450 
and 583 cm -1 correspond to the Fe-0 bonds. It exhibits 


Fig. 13 Hysteresis loop of Fe 3 0 4 /Ti0 2 -Cotton (2:1:10) obtained by 
20 % Fe 3 0 4 nanoparticles 

strong band at 781 cm -1 attributing to the Ti-0 bond in 
Ti0 2 . The 3413 cm -1 absorption peak could be due to the 
OH groups on the surface of Ti0 2 nanoparticles. No more 
absorption peak related to precursors or any impurity 
related to pomegranate juice was not observed. 

Room temperature magnetic properties of Fe 3 0 4 
nanoparticles and the different Fe 3 0 4 /Ti0 2 NPs coated 
cotton fabric are studied using an alternating gradient force 
magnetometer (AGFM) device. Hysteresis loop of mag¬ 
netite nanoparticles (Fig. 11) show super-paramagnetic 
property by a saturation magnetization around with a 
coercivity around zero Oe. Hysteresis loops for different 
amount of nanoparticles which coated on cotton fiber are 
depicted in Figs. 12 and 13, respectively. All samples also 
exhibit super-paramagnetic behavior with nearly zero 
coercivity. As it expected the saturation magnetization of 
coated cotton fiber with 20 % (10.2 emu/g) of Fe 3 0 4 / 
Ti0 2 /cotton is higher (around twice) than the 10 % (5.7) 
nanocomposites. 

Schematic of degradation mechanism of organic dyes 
under UV irradiation is shown in Fig. 14. The photo-cat¬ 
alytic activity of the Fe 3 0 4 /Ti0 2 nanocomposite was eval¬ 
uated by monitoring the degradation of acid black, acid 
brown and Congo-red in an aqueous solution, under irra¬ 
diation with UV light. The changes in the concentration of 
dye are illustrated in Fig. 15. Azo dyes were degraded about 
90-95 % in 60 min. Organic dyes decompose to carbon 
dioxide, water and other less toxic or nontoxic residuals 
[17-21]. Figure 16 shows degradation of the azo dyes after 
60 min exposure to the Fe 3 0 4 /Ti0 2 nano-composite. 


4 Conclusions 

Fe 3 0 4 and Ti0 2 nanoparticles were synthesized in the 
presence of pomegranate juice. Multi-functional cotton 
fabrics were coated with Fe 3 0 4 /Ti0 2 nanocomposite, using 
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Fig. 14 Schematic of 
degradation mechanism of 
organic dyes under UV 
irradiation 
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Fig. 15 Degradation of azo-dyes under ultra violet irradiation 
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Fig. 16 UV analysis of azo-dyes under ultraviolet irradiation a 0 min 
b 60 min 

pad-dry-cure method. Effect of concentration and precipi¬ 
tation agent was investigated on the morphology and par¬ 
ticle size of the products. AGFM confirmed that 
nanocomposites exhibit super-paramagnetic behavior. The 
photocatalytic behavior of Fe 3 0 4 -Ti0 2 nanocomposite was 
evaluated using the degradation of acid black, acid brown 
and Congo-red under UV light irradiation. The results 
show that pomegranate juice is a suitable green capping 
agent for preparation of Fe 3 0 4 -Ti0 2 nanocomposites as a 
candidate for photocatalytic applications. 
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